Introduction {#sec1-1}
============

Saliva is a unique fluid and interest in it as a diagnostic medium has advanced exponentially in the last 10 years. The major advantages of saliva over blood when used for diagnostic purposes include easy access, non-invasive collection, and better patient/subject compliance.\[[@ref1]\]

Apart from its use in diagnosis of various diseases, saliva has immense potential to be used in forensic science. Saliva can be deposited on human skin through biting, sucking, licking, and kissing, etc.\[[@ref2]\] It is found on victims of several violent crimes and has been shown to be potentially recovered and typed from bite marks, cigarette butts, postage stamps, envelopes, edibles, and other objects.\[[@ref3]\]

Saliva is very good source of human DNA, as the mean number of epithelial cells per 1 mL of saliva is about 4.3 × 10^5^. Moreover, the turnover of epithelial cells is quite extensive in the mouth as the surface layer of epithelial cells is replaced, on average, every 2.7 h, suggesting that there is likely to be intact genomic DNA in saliva samples. Indeed, recent studies have shown that human genomic DNA can be reliably obtained from saliva.\[[@ref4]\] Saliva can be used even when it is stored in the most different conditions.\[[@ref5]\]

This study was designed to assess the quantity and quality of DNA extracted from saliva, the possibility of using it for gene amplification for individualization, and its comparison with DNA extracted from blood.

Materials and Methods {#sec1-2}
=====================

This study was conducted at the Department of Oral and Maxillofacial Pathology, Saraswati Dental College and Hospital, Lucknow in collaboration with Department of Genetics, Sanjay Gandhi Postgraduate Institute of Medical Research Lucknow.

Sample collection {#sec2-1}
-----------------

Blood and Saliva samples were collected from 20 non-related volunteers after informed consent and approval from Hospital Ethics Committee of Saraswati Dental College and Hospital, Lucknow. A total of 5 ml of blood was collected using sterile syringes and stored in sterile Ethylenediamine tetraacetic acid (EDTA) vials till further use. Saliva was collected by asking the subjects to spit in a sterile disposable Petri dish, 2 ml of this saliva was transferred from Petri dish to sterile vials, using a sterile pipette, and stored at − 20°C until further use. DNA extraction from blood and saliva was carried out by salting out method using the phenol-chloroform as described by Coomey *et al.*\[[@ref6]\]

Quantity and quality analysis {#sec2-2}
-----------------------------

Since, the sample size was limited analysis of quantity and the quality was performed with the help of spectrophotometer.

Concentration of deoxyribo nucleic acid {#sec2-3}
---------------------------------------

DNA was quantified by measuring the optical density (OD) at 260 nm. 5 μl of stock genomic DNA was taken and 995 μl of water was added (Dilution factor = 200), mixed well and OD was taken at 260 nm in a spectrophotometer (Hitachi). DNA concentration of the sample was calculated as follows
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Determination of DNA purity {#sec2-4}
---------------------------

Purity of DNA was determined by taking the OD of the sample at 280 nm for protein concentration and at 260 nm for DNA concentration. The ratio OD~260~ /OD~280~ was calculated and DNA sample within the range of 1.6-2 was considered as pure. Samples above this range were considered contaminated with protein and those below by RNA.\[[@ref7]\]

Gene amplification {#sec2-5}
------------------

Short tandem repeat (STR) marker F13 was selected for gene amplification from blood and salivary DNA as it has been shown to be one of the most polymorphic marker and can be used for individualization.\[[@ref8][@ref9]\]

Polymerase chain reaction {#sec2-6}
-------------------------

All the DNA samples of blood and saliva were subjected to PCR in automated DNA thermocycler (PTC-100, M.J Research. Inc.). The sequences of forward and reverse F13 primers are 5\' GAGGTTGCACTCCAGCCTTT 3\' and 5\' ATGCCATGCAGATTAGAAA 3\'.\[[@ref10]\]

Results {#sec1-3}
=======

The results of our study showed that the DNA extracted from blood samples of 20 subjects ranged from 37.5 μg/ml to 200 μg/ml with mean yield of 142.5 μg/ml. Saliva samples of same subjects showed salivary DNA yield ranged from 28.5 μg/ml to 61.5 μg/ml with the mean of 48.4 μg/ml \[[Table 1](#T1){ref-type="table"}\]. On purity assessment of blood we found that all twenty samples were within the optimal range of 1.6-2.0. While only nine out of twenty (45%) salivary DNA samples fulfilled these criteria \[[Table 2](#T2){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}\]. The remaining eleven samples of saliva (55%) were found to have OD~26o~ /OD~280~ ratio lower than 1.6, suggesting contamination with protein or phenol \[[Table 2](#T2){ref-type="table"}\]. On amplification of STR F13 it was found that all 20 (100%) blood samples \[[Figure 2](#F2){ref-type="fig"}\] and 15 out of 20 (75%) saliva samples gave a positive result \[[Figure 3](#F3){ref-type="fig"}\]. Further on matching amplified blood samples with saliva samples 100% matching was found. Overall success rate of 15/20 salivary samples (75%) was found \[[Figure 4](#F4){ref-type="fig"}\].

###### 

Quantity of DNA obtained from 20 blood and saliva samples in *μ*/ml
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###### 

Quality of DNA obtained from blood and saliva samples at OD 260/280
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![Adequate quality of DNA obtained in blood and saliva samples. It is seen that all 20 samples of blood were in optimal range of 1.6 to 2, giving a 100% result; hence all blood samples were in adequate limit. For saliva, out of 20 samples only 11 samples were in optimal range of 1.6 to 2 thus giving 45% result](JFDS-6-81-g004){#F1}

![PCR pattern obtained in blood samples with F13. 0.8% agarose gel stained with ethidium bromide. Molecular weight marker for 10 bp between column 4 and 5. In columns 1-4 and 5, blood DNA samples (samples: 1,2,3,4,5)](JFDS-6-81-g005){#F2}

![PCR pattern obtained in saliva samples with F13. 0.8% agarose gel stained with ethidium bromide. Molecular weight marker for 10 bp between column 1 and 2. In columns 1 and 3-5, saliva DNA samples (samples: 1,2,3,4,5)](JFDS-6-81-g006){#F3}

![Polymerase chain reaction amplification and matching of short tandem repeat F13 in blood and saliva samples](JFDS-6-81-g007){#F4}

Discussion {#sec1-4}
==========

The use of saliva as a source of DNA allows certain technical advantages over the use of blood. Collection is easier and painless, especially considering that it can be carried out on babies, children and elderly subjects, and does not have the religious implications of using the blood. Furthermore, there are higher potential risks of disease transmission when using the blood, especially from hepatitis and AIDS patients, due to the use of sharp objects such as needles.\[[@ref11]\] Exfoliated buccal epithelial cells and other cells found in saliva are a very promising alternative source of DNA.\[[@ref12]\] Saliva contains cellular material and thus can be typed by DNA analysis. Swabs of the oral cavity, especially swabbing of the cheek area inside the mouth, give more than enough cells and DNA for the serologist to perform DNA typing. This can be an alternative to gathering controls by venipuncture. PCR is extremely sensitive, and from 1 ng to 5 ng of DNA can be successfully typed using the process.\[[@ref13]\]

The purpose of this study was to find out whether sufficient quantity and quality of DNA can be extracted from saliva, to be possibly used as DNA evidence in forensics. We used the PCR technique to amplify the STR F13 in order to assess the reliability of salivary DNA. F13 STR is a polymorphic repeat that begins at base pair 248 in intron A of the human coagulation factor XIII A subunit gene on chromosome 6p24.2-p23 (F13A1).\[[@ref14]\] Its applications in forensic analysis, paternity determination, genetic disorders, cancers, monitoring of bone marrow transplants, and human cell line identification have been previously reported.\[[@ref15]\]

Results of our study show that DNA could be successfully extracted from saliva. Although the yield of DNA obtained was variable ranging from 28.5 μg/ml to 61.5 μg/ml, this finding is in concordance with other workers who reported yields ranging from 1.0 μg/ml to 58.9 μg/ml.\[[@ref2][@ref3][@ref16][@ref17]\]

We found mean salivary DNA yield (48.4 μg/ml) 3 times lower than mean blood DNA yield (142.5 μg/ml). Sweet has reported that it is possible to discriminate one individual from all others with a high level of confidence by starting with only 1 ng DNA,\[[@ref18]\] and found that DNA typing strength of 1 μL of saliva is equal to 10 μL of blood.\[[@ref19]\] DNA obtained from salivary samples in our study was sufficient enough to be used as starting material for gene amplification by PCR.

Another consideration to be kept in mind while assessing DNA samples isolated from any source is the purity of the isolate. Apart from contamination by non-cellular products the most common contaminants in an isolated DNA sample are cellular components such as protein and RNA. Furthermore, phenol used in extraction method, may be left behind in small amounts. In our study, spectrophotometry was employed to assess the purity of DNA. Nucleic acids absorb light at 260 nm through the adenine residues. Proteins absorb light at 280 nm through the tryptophane residues while phenol absorbs ultraviolet light at 270-275 nm. The absorbance of the nucleic acid at 260 nm is 1.6-2.00 times more than the absorbance at 280 nm and hence the ratio of OD readings at 260 nm to 280 nm should fall within the range of 1.6-2.0 for the isolate to be of optimal purity. Solutions having this ratio below 1.6 are thought to be contaminated either by protein or phenol. On the other hand, RNA affords a somewhat higher 260 nm/280 nm ratio, 2.0-2.3. A DNA preparation with a ratio higher than 2.0 may be contaminated with RNA.\[[@ref7]\] In our study, we found that OD 260/280 ratio to fall within this optimal limit for all blood samples while some salivary samples were below this optimal range. Possible explanations for this could be either due to the presence of impurities such as carbohydrate, peptides, phenols, buffer salts, and other aromatic compounds or due to the presence of extracellular proteins like mucin in saliva that may contaminate the solution and may compromise the quality. Another possible reason may be that the amount of DNA present in saliva is lesser as compared to blood, and hence multiple purification steps could not be performed as it would have led to compromise in the quantity of DNA obtained.

In the final part of our study, we used the DNA isolated from our samples as a template for amplification of STR of F13 gene by PCR in order to analyze the practical utility of salivary DNA. STR F13 has been found to be useful in parentage testing, and forensic identification.\[[@ref20]\] We found positive amplification in 75% of salivary DNA isolates and all these gave positive matching with blood DNA. In past, F13 STR has been shown to be competent enough to be amplified and successfully used for forensic identification from the small amount of DNA obtained from saliva deposited on the skin.\[[@ref21]\]

This study was a pilot project using a small sample size in order to assess the feasibility of utilizing salivary samples for DNA based genetic analysis, the results show that DNA obtained from salivary samples could be successfully utilized for gene amplification. Hence, saliva probably has a huge potential as a source of DNA evidence in forensics, though improvements in handling technique and isolation methods are required to increase the yield and quality of DNA from salivary samples. Further studies on STRs of other genes, using a larger sample size, will help in evaluating their feasibility in the forensic application. Currently, we are working with a larger panel of genes in order to assess the possibility of their amplification from salivary DNA.

Conclusion {#sec1-5}
==========

DNA purity and concentration from blood were found to be in the optimal range while DNA obtained from saliva was near the optimal range and could be utilized for gene amplification. Hence, we conclude that saliva may prove to be a good source of DNA and may be successfully used for forensic purposes.
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